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Serial No. 09/966,493 

REMARKS 

No amendments have been made. Claims 1 -20 are currently pending in the 
captioned application. 
Anticipation Rejection 

Claims 1-8, 10, and 17-20 were rejected under 35 USC § 102(a) as anticipated by 

WOOl/21155 Al ("Remon"). (Paper No. 20040220 at 2.) 

For the reasons set forth below, the rejection, respectfully is traversed. 

Remon discloses 

(57) ANtract: Biologically kiacdve cushioning beads compri&e at least one C0mpre£sible oishionlng component con^sting ejt$en- 
lialiy of a mkrocrystolUne hydrocartmn wax or a natural wax, Ihc said wax being at ieasi 30 % by weighs of the biolc^ically inaciive 
cushioning beads, Such beads are useful for making solid shaped articles containing hiplpgic^Jly lictivc iagjcdients by oomptcs^iod, 

Tbe fonnulation of a solid oral dosage form, wh^er tablet or c^sule, which 
dimni^prat^ n^dly in water to form an instantaneous homogmous suspension of 
adequate viscosity to be swallowed could circumvent the problems of administeing large 
dosages wiAout premature release £rom controUed-release particles while providing a 
30 ready measured dose. The key to the development of such a dosage form is a rapidly 
disintegrating tablet whidi disperses to form a viscous suspension. A delay in the 
development of a viscous gel is essential for ^^eving disintegration of tiie tablet On the 

p. 1 

properties. 

The ideal solid oral dosage form should contain a swellable m^criai which is able 
to increase viscosity on contact with water, at least one biologically active ing^edieiit for 
immediate or sustained release delivery of tbe biologically active ingredient^ and a filler 

5 conferring compactibility and the capability to disintegrate quickly. The inclusion of a 
viscosity increasiilg agent as ^ fine powder in the tablet matrix without aiiy processing 
would interfere with disintegration and result in the formation of a voluminous 
hydrophilic mass which is impossible to disperse. Thus, it is necessary to incoiporate 
such an agent into the tablet as granules or spheres so that the disintegration proc^ 

1 0 (Kcms before the viscosity increase, 

p. 2 
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The present invoitioii may provide biologically inactive cushioning beads 
1 5 comprising at least one compressible cushioning component consisting ^entially of a 
microcrystalline hydrocarbon wax or a natural wax, the said wax being at least about 
30% by weight of tibie biologically inactive cushioning beads and which arc useful for 
making solid sh^>ed articles containing biologically active ingredients by compression* 

p, 10 

25 For the performance of the present invention, it is preferable to xiac a 

microcrystalline hydrocarbon wax having a conge^Ucng point between about 50°C and 
90*C and which is water-insoluble. The microcrystalline hydrocarbon wax usually 
comprises a mixture of linear (normal) and branched (iso) hydrocarbons. According to a 
preferrKi embodiment of the present invention, the said mixture comprises from about 30 

30 to abctit 90% by weight of linear hydrocarbons and from about 10 to about 70% by 

wei^t of branched hydrocarbons. Also preferably, the microcrystalline hydrocarbon wax 

p. 12 

flavoring agent (e.g. vanillin)^ buffering agent, filler, disintegrating agent and/or 
1 5 swellable materi al. Preferably the cushioning beads of the present invention include at 
least about 5% by weight of at least one such biologically inactive pharmaceutically 
accqptable additive (excipient) distributed throtighout the beads, for instance in the fiorm 
of an intimate mixture of wax and excipient A disintegrating agent is especially useful as 
an excipient for providing quick-disintegrating characteristics when making a solid 
20 shaped article contaJiung biologicdly active ingredioits by compression, 
p. 15 ^ 

In making the rejection, the Examiner contended that 

• "Remon teaches a rapidly disintegrating tablet comprising an active agent and 
wax particles." (Paper No. 20040220 at 2.) 

• The wax is a microcrystalline wax or a natural wax. (Id,) 

• The "composition further contains disintegrants, swellable materials as well as 
other fillers." {Id. at 3.) 

• The wax particles have an average particle size of 0.5 to 2.0 mm. (Id.) 

• The actives are chosen from a wide variety of known pharmaceutical agents. 
(Id.) 

• The composition includes a film coating. (Id.) 

• The tablets are produced by compression. (Id,) 

• The tablets are rapid disintegration tablets. (Id.) 
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The Examiner admitted that "Remon does not refer to wax particles as powder." 
To fill the acknowledged gap, the Examiner looked to a dictionary definition for powder. 
Based on that definition the Examiner reasoned that since the claims of the captioned 
application "do not recite a particle size for the wax particles, the instant claims are 
deemed anticipated by Remon." {Id,) 

As is well settled, anticipation requires "identity of invention." Each and every 
element recited in a claim must be found in a single prior art reference and arranged as in 
the claim. 

hiitially, we note that there must be no difference between what is claimed and 
what is disclosed in the applied reference. "Moreover, it is incumbent upon the Examiner 
to identify wherein each and every facet of the claimed invention is disclosed in the 
applied reference." The Examiner is required to point to the disclosure in the reference 
'^by page and line'' upon which the claim allegedly reads. 

The rejection failed to identify where in Remon each and every element of claims 
1-8, 10, and 17-20 are shown. In particular, the Examiner failed to identify where in 
Remon there is a specific disclosure of an immediate release tablet meeting the USP 
dissolution specification for immediate release tablets containing the active ingredients 
disclosed in Remon. 

For example, the rejection stated that "Remon teaches a rapidly disintegrating 
tablet." In contrast, the rejected claims require, among other things, an immediate 
release tablet as demo. Based on this, it appears that the Examiner may not appreciate 
the difference between an immediate release table meeting the USP dissolution 
specifications for immediate release tablets containing said active ingredient and 
disintegration as disclosed in Remon. 

Attached hereto as Exhibit A is copy of Chapter 34: DISSOLUTION from 
Remmington: The Science and Practice of Pharmacy (19^*^ ed.) pp. 593-604 (Mack 
Publishing Company 1995). In particular, the Examiner's attention is directed to the left- 
hand column of page 595 of Exhibit A wherein it is explicitly stated that "In general, 
however, disintegration has proved to be a poor indicator of bioavailability ... Several 
factors. . . have been found to affect dissolution of the drug substance but have no 
relevance to disintegration ." (Emphasis added.) Thus it appears from this treatise that. 
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while the disintegration and dissolution may share a common "S"-shaped curve, 
dissolution does not necessarily correlate to disintegration . In other words, just because 
tablet may rapidly disintegrate does not mean that the tablet is an immediate release tablet 
that meets the USP dissolution specifications for immediate release tablets containing the 
active ingredient. Because the Examiner appears to correlate disintegration with 
dissolution, the rejection is improper and should be withdrawn. 

Even if the Examiner were to maintain the Office's position in this record, which 
is disagreed with for the reasons set forth above, the Examiner is asked to consider the 
dissolution profiles of tablets disclosed in Examples 5 and 6 of Remon. These profiles 
are depicted in Figs. 6 and 7 of Remon. While there is no indication that these 
experiments were conducted following the USP dissolution specifications for diltiazem 
inunediate release tablets, the data does show that "a dissolution percentage of at least 
80% is readily achievable within 8 hours ." (Remon at p. 28, Ins. 5-6 and 15-16.) 

First, it is not seen where either of these profiles would be considered an 
"immediate release" tablet under any suitable definition of "immediate release." Second, 
the dissolution profile for acetaminophen attached to the November 12, 2003 shows a 
dissolution profile wherein not less than 80% is dissolved in 30 minutes. Thus, it is not 
seen where the Examiner has satisfied the required burden of proof as to where each and 
every element of the claimed invention is disclosed and identically arranged in Remon. 
For this additional reason, the rejection is improper and should be withdrawn. 

Obviousness Rejection 

Claims 9 and 6 were rejected under 35 USC § 103(a) as being unpatentable over 
Remon. (Paper No. 20040220 at 4.) 

For the reasons set forth below the rejection, respectfully is traversed. 

Remon' s disclosure set forth above is incorporated herein by reference. 

In making the rejection, the Examiner incorporated the assertions set forth in the 
anticipation rejection above into the instant rejection. The Examiner acknowledged, 
however, that Remon "does not expressly teach the same concentration of wax or active 
agent or the same particle size for the wax particles." (Paper No. 20040220 at 4.) 

To fill the acknowledged gap, the Examiner relied upon the assumption that such 
"limitations would be routinely determined by one of ordinary skill in the art, through 
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minimal experimentation, as being suitable, absent the presentation of some unusual 
and/or unexpected results." {Id. at 4). 

The Examiner then concluded that, "it would have been obvious to a person of 
ordinary skill in the art to vary concentrations and particle [sic] sizes in tablet 
formulations" "to prepare similar tablets with different active agents that achieve the goal 
of rapid disintegration." {Id.,) 

Initially, it is noted that rejected claims are silent as to any requirement for "rapid 
disintegration." From the Examiner's reasoning it appears that the Examiner is relying 
on "rapid disintegration" as being an affirmative claim limitation. Such reliance on a 
disclosure found in Remon but not in the rejected claims is evidence that the Examiner 
has used hindsight to pick and choose parts of a cited document to make the rejection 
rather than rely the entire cited documents. For this reason, the rejection is improper and 
should be withdrawn. 

For a prima facie case of obviousness to be established, the teachings from the 
prior art itself must appear to have suggested the claimed subject matter to one of 
ordinary skill in the art. The mere fact that the prior art could be modified as proposed by 
the Examiner is not sufficient to establish a prima facie case of obviousness. 

Additionally, the Examiner may not appreciate the difference between an 
immediate release tablet meeting the USP dissolution specifications for immediate 
release tablets containing said active ingredient and disintegration as disclosed in 
Remon. 

The Examiner is again directed Exhibit A and to the left-hand column of page 595 
therein wherein it is explicitly stated that "[I]n general, however, disintegration has 
proved to be a poor indicator of bioavailability . . . Several factors. . . have been found to 
affect dissolution of the drug substance but have no relevance to disintegration ." 
(Emphasis added.) Thus it appears from this treatise that, while the disintegration and 
dissolution may share a common "S"-shaped curve, dissolution does not necessarily 
correlate to disintegration . In other words, just because a tablet may rapidly disintegrate 
does not mean that the tablet is an immediate release tablet that meets the USP 
dissolution specifications for immediate release tablets containing the active ingredient. 
It is not seen where a disclosure of a rapid disintegrating tablet would suggest an 
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immediate release tablet of the rejected claims. Because disintegration and dissolution 
are not the same and because there does not appear to be any suggestion by the Examiner 
that would lead one of ordinary skill in the art to formulate the claimed subject matter 
based on the current record in the captioned application, the rejection is improper and 
should be withdrawn. 

Even if the Examiner were to maintain the Office's position in this record, which 
is disagreed with for the reasons set forth above, the Examiner is asked to consider the 
dissolution profiles of tablets disclosed in Examples 5 and 6 of Remon, These profiles 
are depicted in Figs. 6 and 7 of Remon. While there is no indication that these 
experiments were conducted following the USP dissolution specifications for diltiazem 
immediate release tablets, the data does show that "a dissolution percentage of at least 
80% is readily achievable within 8 hours ." (Remon at p. 28, Ins. 5-6 and 15-16.) 

First, it is not seen where either of these profiles would be considered an 
"immediate release" tablet under any suitable definition of "immediate release." Second, 
the dissolution profile for acetaminophen attached to the November 12, 2003 shows a 
dissolution profile wherein not less than 80% is dissolved in 30 minutes. Thus, it is not 
seen where the Examiner has satisfied the required burden of proof required to make out 
a prima facie case of obviousness. For this additional reason, the rejection is improper 
and should be withdrawn. 

Claims 11-15 were rejected under 35 USC § 103(a) as being unpatentable 
over Remon in combination with US Pat. No. 5,494,681 ("Cuca"). (Paper No. 20040220 
at 4.) 

For the reasons set forth below the rejection, respectfully is traversed. 

Remon's disclosure set forth above is incorporated herein by reference. 

Cuca discloses a tastemasked system by casting or spin congealing melt 
dispersions and/or solutions of drug or other active material, or combinations of drugs or 
medicaments in a molten blend of materials. (Col. 2, Ins. 64-67.) Cuca further discloses 
that a substantially tasteless pharmaceutical delivery system is formed which comprises: 
(a) an active material or a combination of drugs or medicaments; and (b) a spatially 
oriented matrix comprising (i) a major amount of wax core material having a melting 
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point within the range of about 50^C. and about 200°C.; and (ii) a minor amount of a 
hydrophobic polymer material. (Col. 3, Ins. 1-6 and 56.) 

In making the rejection, the Examiner incorporated the assertions set forth above 
in the anticipation rejection into the instant rejection. The Examiner acknowledged, 
however, that Remon "does not expressly teach including a second active agent." (Paper 
No. 20040220 at 4.) 

To fill the acknowledged gap, the Examiner looked to Cuca as "teach[ing] that 
tablet formulations can comprise one or more active agents." 

The Examiner reasoned that one of ordinary skill in the art would have been 
motivated to use more than one active agent "to provide a composition that better delivers 
a therapeutic dose to the host to better combat the disease or condition being treated." 
(Id. at 5.) The Examiner then concluded that "at the time the invention was made, it 
would have been obvious to a person of ordinary skill in the art to prepare a tablet 
formulation with one or more active agents incorporated into the composition. {Id.) 

Initially, it is noted that rejected claims are silent as to any requirement for "rapid 
disintegration." From the Examiner's reasoning it appears that the Examiner is relying 
on "rapid disintegration" as being an affirmative claim limitation. Such reliance on a 
disclosure found in Remon but not in the rejected claims is evidence that the Examiner 
has used hindsight to pick and choose parts of a cited document to make the rejection 
rather than rely on the entire documents. For this reason, the rejection is improper and 
should be withdrawn. 

For a prima facie case of obviousness to be established, the teachings from the 
prior art itself must appear to have suggested the claimed subject matter to one of 
ordinary skill in the art. The mere fact that the prior art could be modified as proposed by 
the Examiner is not sufficient to establish a prima facie case of obviousness. 

Additionally, the Examiner may not appreciate the difference between an 
immediate release tablet meeting the USP dissolution specifications for immediate 
release tablets containing said active ingredient and disintiegration as disclosed in 
Remon. 

The Examiner is again directed toExhibit A and to the left-hand column of page 
595 therein wherein it is explicitly stated that "[I]n general, however, disintegration has 
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proved to be a poor indicator of bioavailability ... Several factors. . . have been found to 
affect dissolution of the drug substance but have no relevance to disintegration ." 
(Emphasis added.) Thus it appears from this treatise that, while the disintegration and 
dissolution may share a common "S"-shaped curve, dissolution does not necessarily 
correlate to disintegration . In other words, just because tablet may rapidly disintegrate 
does not mean that the tablet is an immediate release tablet that meets the USP 
dissolution specifications for immediate release tablets containing the active ingredient. 
It is not seen where a disclosure of a rapid disintegrating tablet would suggest an 
immediate release tablet of the rejected claims. 

Cuca does not close the gap between the disintegration disclosed in Remon and 
the dissolution requirements of the claimed subject matter. 

Because disintegration and dissolution are not the same and because there does 
not appear to be any suggestion by cited documents that would lead one of ordinary skill 
in the art to formulate the claimed subject matter based on the current record in the 
captioned application, the rejection is improper and should be withdrawn. 

Even if the Examiner were to maintain the Office's position in this record, which 
is disagreed with for the reasons set forth above, the Examiner is asked to consider the 
dissolution profiles of tablets disclosed in Examples 5 and 6 of Remon. These profiles 
are depicted in Figs. 6 and 7 of Remon. While there is no indication that these 
experiments were conducted following the USP dissolution specifications for diltiazem 
immediate release tablets, the data does show that "a dissolution percentage of at least 
80% is readilv achievable within 8 hours ." (Remon at p. 28, Ins. 5-6 and 15-16.) 

First, it is not seen where either of these profiles would be considered an 
"immediate release" tablet under any suitable definition of "immediate release." Second, 
the dissolution profile for acetaminophen attached to the November 12, 2003 shows a 
dissolution profile wherein not less than 80% is dissolved in 30 minutes. Additionally, it 
is not seen where Cuca would close the gaps left by Remon. Thus, it is not seen where 
the Examiner has satisfied the required burden of proof required to make out a prima 
facie case of obviousness. For this additional reason, the rejection is improper and should 
be withdrawn. 
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Finally, the Examiner is invited to call the applicants' undersigned representative 
if any further action will expedite the prosecution of the application or if the Examiner 
has any suggestions or questions concerning the application or the present Response. In 
fact, if the claims of the application are not believed to be in full condition for allowance, 
for any reason, the applicants respectfully request the constructive assistance and 
suggestions of the Examiner in drafting one or more acceptable claims pursuant to MPEP 
§707.07(j) or in making constructive suggestions pursuant to MPEP §706.03 so that the 
application can be placed in allowable condition as soon as possible and without the need 
for further proceedings. 



Johnson & Johnson 

One Johnson & Johnson Plaza 

New Brunswick, NJ 08933-7003 

(732) 524-6586 

DATE: June 25, 2004 



Respectfully submitted. 



By: 
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Dissolution is the process by which a solid of only fair 
I solubility chara;Cteristics enters into solution. The earliest 
Ireterence tQ dissolution is probably an article by Noyes and 
f^tney -in 1897, about ''The Rate of Solution of Solid Sub- 
l stances in their Own Solution." The authors suggested that 
the rate of dissolution of solid substances is determined by the 
rate of diffusion of a very tj^in layer of saturated solution that 
forms instantaneously around the solid particle. They devel- 
oped the inatHematical relationship that correlates the disso- 
lution rate to the solubility gradient of the solid. Their equa- 
tion is still the basic formula upon which most of the modem 
mathematical treatments of the dissolution phenomenon re- 
volve. 

[ Noyes and Whitneyls work however, as weD as most of the 
work which has been conducted during the first part of: this 
century, was concentrated on the study of the physicochemi- 
cal aspects of dissolution as. applied to chemical. substances. 
Most important of these studies were the application of Fick's 
law of diffusion to the Noyes and .Whitney equation by Nemst 
mid Brunner in 1904, and the development of the famous 
Cvbic Root Law of dissolution by Hixson and Crowell in 

i93i; ^ . . ^ , ■ :\ 

\y At the middle of tiie;century, emphasis started to ishift to the 
examination of the effects of dissolution behavior of drugs on 
the biological activity of pharmaceutical dosage forms. One 
of the earliest studies >vith this purpose in mind was con- 
ducted by J Edwards in 1951 on aspirin tablets. Based on his 
findings, he reported that "because of its poor solubility, the 
analgesic action of aspirin tablets would be controlled by its 
dissolution rate within the stomach and the intestine." No in 
vivo 'itxxdies, however, were conducted by Edwariis to support 
his postulate. , - ' ; 

About 8 years later, Shenoy et al proved the validity of 
Edward's suggestion of the in vitro /in vivo correlation by 
demonstrating a direct relationship between the bioavailabil- 
ity of amphetainine from sustained release tablets and its in 
vitro dissolution rate. Other studies, especially those re- 
ported by Nelson, Levy and others, confirmed beyond doubt, 
the significant effect of the dissolution behavior of drugs on 
their pharmacological activities. Because of the importance 
of ' these findings, dissolution testing began to emerge as a 
dominant topic within both the pharmaceutical academia arid 
the drug industry. 

In the late 1960s dissolution testing became a mandatory 
requirement for several dosage forms. The role of dissolu- 
tion in the absorption of drug products, however, still is far 
from being understood perfectly. In spite of the reported 
success of several in vitro /in vivo correlation studies, disso- 
lution is not a predictor of therapeutic efficiency. Rather, it 
is a qualitative tool which can provide valuable information 
about the biological availability of a drug as well as batch-to- 
batch consistency. Another area of difficulty is the fact that 
the accuracy and precision of the testing procedure is depen- 
dent, to a large extent, on the strict observance of so many 
subtle parameters and detailed operational controls. 

In spite of these shortcomings, dissolution is considered 
today as one of the most important quality-control tests per- 



formed on pharmaceutical dosage forms. For a corhpreheh- 
sive treatment, the reader is referred to the text of Abdou. * 

Theory of Dissolution 



Dijg^tsion-l^yer Model (Film Theory) 

In 1897, Noyes and Whitney studied the dissolution rate of 
benzoic acid and lead chloride, two practically insoluble sub- 
stances, by rotating a cylinder of each compound in water at a 
constant rate and sampling the solution for analysis at specific 
time intervals;^ ; In order to examine their data quantitatively, 
Noyes and Whitney developed an equation based on Fick*s 
second law, to describe the dissolution phenomenon 



dc 
dt 



(1) 



where dc/dt is the dissolution rate of the drug, K is the 
proportionality constant, Cg is the saturation concentration 
(maximum solubility), Ct is the concentration at time t and Cs - 
Ct is the concentration gradient. The proportionality con- 
stant, K, also is called the dissolution constant and the equa- 
tion has been shown to obey first order kinetics (Fig 1). 

In their experiments, Noyes and Whitney maintained a con- 
stant surface area by using sticks of the insoluble substance. 
However, because such a condition is not always apphcable, 
Brunner and ToUoczko modified Eq 1 to incorporate the sur- 
face area, S, as a separate variable. 



dc 



(2) 



In order to explain the mechanism of dissolution, Nemst in 
1904 proposed the film-model theory. Under the influence 
of no reactive or chemical forces, a solid particle immersed in 
a liquid, undergoes two consecutive steps: (1) the solution 
of the solid at the interface, forming a thin stagnant layer or 
fihn, h, around the particle and (2) the diffusion from this layer 
at the boundary to the bulk of the fluid. The first step, solu- 
tion, is aliriost instantaneouis; the second, diffusion, is much 
slower and, therefore, is the rate-limiting step (see Fig 1). 

In the same year, Bnmner was investigating factors other 
than surface area that affect the dissolution process in order to 
determine the fundamental components of the proportionality 
constant in Eq 1 . By using Fick's first law of diffusion and 
Nemst -s newly proposed film theory, Brunner expanded Eq 2 
to include the diffusion coefficient, D, the thickness of the 
stagnant diffusion layer, /i, and the volume of the dissolution 
mediimi,!;, producing 



dc . DS 



vh 



(3) 



The proportionality constant kz is known as the intrii\sic disso- 
lution rate constant and is characteristic of each chemical 
compound. , 
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(b) 



Stagnant film "ft" 
with concentration = Ca 



Crystal 



Bulk solution with 
concentration = c, 



Fig 1 . Diffusion-layer model (film theory). 



Sink Condition 

The term sink condition originated from a fact long known 
by. pharmacologists that the drug concentration on both sides 
of the epithelial layer of the intestinal wall approaches equilib- 
rium in a short time, and that the gastrointestinal tract acts as 
a natural sink) ie, the drug is absorbed instantaneously the 
moment it dissolves. Therefore, under in vivo conditions, 
there is no concentration buildup and, hence, the retarding 
effect of the concentration gradient on the dissolution rate, as 
predicted by Eq I, does not occur.' 

In order to simulate the in vivo sink condition, in vitro 
dissolution testing usually is conducted using - either :a large 
volume of dissolution' medium or a mechanism by which the 
dissolution medium is replenished constantly* with fresh' sol- 
vent at-a specified rate so that the concentration of the solute 
never reaches more than 10 to 15% of its maximtun solubility. 
If such a parameter is maintained, the dissolution testing is 
said to be 'conducted under 5in/c^ conditions, ie,' under no 
influence of the concentration gradient. This can be seen 
from the following mathematical treatment. 

Assuming that Cs » Cj, Eq 3 becomes 



'dc _ DS 



(4) 



As Cs and D are constants for. each specific, chemical sub- 
stance; therefore, they could be incorporated in /c2,and appear 
in.Eq 5 as feg.. - . , , - , 



etc, J, , S 



dt 



vh ' 



(5) 



If the volume of the dissolution medium and the surface area 
are kept constant during the duration of the dissolution test, 
then 



dc 



fit V 



(6) 



Equation 6 predicts a; constant dissolution rate under sink 
condition and represents a zero-order kinetic process, ie, the 
concentration of the drug increases linearly ^yith time. 
Equation 6 also is believed to apprpxiniate the in vito condi- 
tion where the dissolution; rate of sparingly soluble di:ugs 
plays a fundamental role in determining their bioavailability. 
Figure 2 presents plots of data that would be expected under 
sink and nonsink conditions. ^ . . . » 

Hixson and Crawell Cubic Root Law for Dissolution 

In Eq 2, the surface area was considered constamt for the 
duration of the dissolution test. Although this , could be 
achieved by using a nondisintegrating disk of the chemical 
substance, a technique usually employed for the determina- 
tion of the intrinsic dissolution rate, the same could not be 
maintained for a dissolving crystal or a regular solid dosage 
form where complete disintegrsition is a priority. Therefore, 
in order to develop a dissolution equation that is based on a 
changing surface area, Hixson and Crowell modified Eq 2 to 
represent the rate of appearance of the solute in the solution 




Time 



Fig 2. (a) Linear (dissolution rate' under hbnsink condition)! 
Semi-log first-order kinetic plot of (dissolution rate under rioff 
cdndition); (c) Linear zero-order kinetic plot (dissolution Vate u5 
sink condition)' , ' . , ' ' 



by n^iultiplying each side of the equation by v (volume), \m 

• ...... —.= A:sfe-cj 

where W is the weight of solute iii solution. ^ ^ t > - 

They also assiuned that 5 = /cii;^^^, where /c isiaicon^l 
containing the shape factor and the density of the particle | 
w is the weight of undissolved particles at time t. 

After mathematicEd treatments involving the applicatipi 
Fick*s first law and integration imder the condition that 
equal to wip, the initial weight of the particle'at time zero, ^ 
_results_ \\ ' ' ' [' ' ^/ . ' 

Equation 9 is called the Hixson and Crowell's CvbicRpot 
for dissolution. j, . , . - . ' : t/j *i 

Theoreticai Concepts for the Rdease of a J^fug 
from Dosage Forms > - ^ 

. In determining the dissolutio/ rate of drugs from 
dosage forms imder standardized conditions,; one ;has toi 
sider several physicochemical processes in addition to 
previouslyi'discussed .under dissolution of pure^chei' 
substances, These include the wetting characteristics 01 
solid dosage^ forms, the penetration ability of the. diksoli] 
medium into the dosage forms, the swelling process?/dij 
gration and deaggregation. Wagner proposed the sched 
Fig 3 for the processes involved in the dissolution of 
dosage forms. vil ; 

Carstensen explained that the wetting of the solid dol 
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Drug in vitro or in, vivo 
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'. ' Drug in Blood and Other Fluids and Tissues , 

Fig 3;' Wagner's schematic diagram illustrating the prbcest 
volved in the dissolution of solid dosage forms. 
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{ form surface controls the liquid access to the solid surface 
and, 'many times, is the limiting factor in the dissolution 
^ process. The speed of wetting is directly dependent upon 
i the surface tension at the interface (interfacial tension) and 
Upon the contact angle/ 9, between the solid surface and the 
[ liquid. Generally, a contact angle of more than 90° indicates 
I poor wettability. Incorporation of a surfactant, either in the 
I formulation or in the dissolution medium, lowers the contact 
I angle and enhances dissolution. Also, the presence of air in 
\ the dissolution medium causes the air bubbles to be entrapped 
i in the tablet pores and act as a barrier at the interface.. For 
capsules, the gelatin shell is extremely hydrophilic and, there- 
; fore, no problems in wettability exist for the dosage itself 
; (although it may exist for the powders inside). 
; "^'After the solid dosage form disintegrates into granules or 
I aggregates, penetration characteristics play a prime role in 
I the deaggregation process. Hydrophobic lubricants, such as 
talc and magnesium stearate, commonly employed in tablet 
f and capsule formulations, slow the penetration rate and, hence, 
the deaggregation process. A large pore size facilitates pen- 
etration, but if it is too large it may inhibit penetration by 
decreasing the internal strain caused by the swelling, of the 
disintegrant. 

After deaggregation and dislodgement occur, the drug par- 
ticlesibecome exposed to tljp dissolution medium and dissolu- 
tion proceeds as previously discussed under the Film Theory. 
Figure 42 graphically presents the model proposed by 
Carstensen. ... ■ . 

Correlation Between Disintegration and 
Dissolution ■ 

The cloise correlation between disintegration and dissolu- 
tion has beien studied by many inviestigators. Both processes 
exhibit "S"-shaped curves and a probit or a weibul function 
were suggested to explain' thie data. In general, however, 
disintci^tion has proved to be £^ poor indicator of bioavailabil- 
ity because of the turbulent agitation maint^ed during the 
test. Several other factors ^uch as solubOity, particle size 
and icrystialline structure, among bthers, have been' found to 
affect the dissolution of the dhig substance biit Kave no rel- 
fevance tb disintegration. ' . 

Factors Affecting the Rate of Dissolution 

: ^ Factors that affect the dissolution rate of driig dosage forms 
cart be classified under three main categories. ^ 

factors Relating to the Physw^ 

Effect of Sblubmty oil Dissolution— The physicbchemi- 
cal properties of the drug substance play a prime role in 
controlling its dissolution from the dosage form. The modi- 
fied Noyes and Whitney equation as expressed in Eq 3 shows 
that the aqueous solubility of the drug is the mjyor factor 



Occlusion 




which, determines its dissolution rate. Actually, some stud- 
ies showed that drug-solubility data could be used as a rough 
predictor of the possibility of any future problems with bio- 
availabilityj a factor that should be taken into consideration in 
the formulation design. . . . 

Other factors that affect dissolution rate include particle 
size; crystalline state such as polymorphism and state of hydra- 
tion, solvation, complexation, as well as surfactants and other 
reactive additives (acids, bases, buffers, etc). Other physical 
properties such;as density^ viscosity and wettability contrib- 
ute to the general dissolution problems of flocculation, flota- 
tion and agglomeration. Adsorption characteristics of the 
drug also have been found to have a significant effect on the 
dissolution of certain drugs. - ^ 

Effect of Particle Size on Dissolution — Equation 3 
shows a direct relationship between the surface area of the 
drug and its dissolution rate; Since the surface area in- 
creases with decreasing particle size, higher dissolution rates 
niay be achieved through reduction of the particle size. This 
effect has been highli^ted by the superior dissolution rate 
observed z.fter micronization of certain sparingly soluble 
drugs as opposed to the regularly milled form. Microniza- 
tion increases the surface area exposed to the dissolution 
medium and, hence, improves the rate of dissolution. 
' Several investigations have demonstrated an increased ab- 
sorption rate for griseofulvin after micronization: Similar 
effects have been reported for chloramphenicol, tetracycline 
salts, isulfadiazine and norethisterone acetate: 'In the case of 
chloranipheriicol, studies showed that formulations contain- 
ing snialler particles (50 to 200 jxm) were absorbed faster 
than formulations containing larger particles (400 to 800 
ixm). Figure 5^ presents the effect of particle size differences 
on ihe dissolution rate of pheriacetin and phenobarbital. 

It should be recognized ■ however, that the mere increase in 
the surface area' of the drug does not always guarantee an ' 
equivalent increase* in dissolution rate. Rather, it is the in- 
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Fig 4, The S-shaped dissolution curve of solid dosage forms.^ 



Fig 5. Effect of particle size ori the dissolution rate of drugs from 
solid dosage forms.3\ 

{k)Key: (Phenacetin)p particle size: 6.1,1-0.15mm; A particle size: 0.15- 
0.21 mni; A particle size: 0.21-0.30 mm; □ particle size: 0.3O-0.50 mm; 
• particle size: 0.50-0.71 mm. (B) Key; Phenobarbital • particle size: 
0.07M).15 moi; A' particle size: 0.15-0.25 nirti; A particle size: 0.25-0.42 
mm; O particle size: 0:42-0.71 mm. - - 
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crease in the effective surface area, or the area exposed to the 
dissolution medium, and not the absolute surface area, that is 
directly proportional to the dissolution- rate. . 
: Physical properties of the drug particles other than size also 
affect indirectly the effective surface area by modifying the 
shear rate of the fresh solvent that comes in contact with the 
solid. These properties include the particle shape and the 
density, f - • ■ ' * . ^o-. - . 

Another mechanism by which the reduction in particle size 
improves dissolution is through the enhancement of the drug 
solubility fe). It should be pointed out that Eq 3 has an 
inherent limitation in assuming that is independent of the 
particle size. ^ Actually Cj and the surface areas can be corre- 
lated by the Ostwald-Freundlich equation;^ > 



LnS = 



2My J _ a 
pRT 'r~r 



where M[\s the molecular weight, p is'the density, 7 is, tlie 
interfacial tension, or surface free energy>of the solid, r is the 
radius of tlie particle and T is the temperature. , ' ' ''^ 

FrqmEq'io ;:!.v . ' , . , : ' ; /?; ^ 



(11) 



The equation shows that the! solubility is:inversely proppr 
tional to particle radius. Therefore, 5: could be viewed as the 
solubility of the, nriicroparticles and as the solubOity. of the 
macro particles;, ; ^However,, itM^ obvious that the particle 
radius has to be reduced to.a microleyel before it can effect a 
change in solubility. This extreme reduction in particle size 
usually cannot be, achieved through regular milling or even 
micronization procediires and, therefore, pther methods have 
been reconunended. One of^- these involves formation of a 
sqlid-soLiUi(m or molecular di^ where the molecules 
of thetsparingly.soluble drug either are dispersed interstitially 
in a .water-soluble drug ror replaced , in ats crystal . lattice. 
Another technique, which also produces extremely small par- 
ticles but still larger than the ones produced by solid solution, 
is by dispersion of the drug into a soluble carrier such as 
polyvinylpyrrolidone (PVP) solution. These techniques usu- 
ally are employed for the enhancement of dissolution rate of 
insolublie drugs. ^ ^ , u^i % 

Effect of the Crystalline State of the Drug on Dissolu- 
tion — The'solid phase characteristics of drugs, such as amor- 
phicity, crystallinity, state of hydration and polymorphic struc- 
ture, have been shown to have a significant influence on the 
dissolution rate. For example, it was shown that the amor- 
phous form of novobiocin has a greater solubility arid higher 
dissolution rate than the crystalline form. Blopd^l^yel stud- 
ies confirmed such findings where administration of the amor- 
phous form yielded about 3 to 4 times the concentration 
compared to the administration of the crystalline form. 
Similar differences were demonstrated for griseofulvin, pheno- 
barbital, cortisone acetate and chloramphenicol. 

Factors Relating to the Solid Dosage Farm 

The effects of various formulations and manufacturing pro- 
cessing factors on the rate of dissolution and the'bioavailabil- 
ity of the active ingredients from tablets and capsules have 
been well dbciunented by several investigators since the early 
1960s. Although the magnitude and significaiice of these 
effects must be determined individually for each tablet or 
capsule product, the following discussion of past and current 
findings certainly can serve as a guideline for the pharmaceu- 
tical scientist^ especially during the initial stages of formula- 
tion design and product development. 

Effect of Formulation Factors on Tablet Dissolution 
Rater— It, has been slipwn that the,dissplution rate of a pure 
drug can' be altered' significantly when mixed with various 
actjuncts during the manufacturing process of soUd' dosage 
forms. These acyiihcte are addjed to satisfy certain* pharma- 
ceutical functioiis.such as , diluents ; (fiUers), dyes^ bm^ 
granulating, agents, disintegrants and lubricants. Gener- 
ically identical tablet and capsule products, manufactured by 



different pharmaceutical houses, were found to exhibit signl 
cant differences in dissolution rates for their active ingredien 
In certain cases; several studies showed that poor tablet ai 
capsule : formulations- have been /shown to cause a; mark 
decrease in bioavailability and impairment of. the clinic 
response. >'Such findings during the sixties, especially in tl 
case of digoxin and tolbutamide tablets, as well as.chlorai 
phenicol and tetracycline HCl (all lifesaving drugs), were tl 
triggering, factors that compelled the- drug-regulatory agei 
cies and compendial authorities -to institute the dissoluti 
test as a legal requirement for most solid dosage forms. 

. Diluents and Disintegrants— Levy, in 1963, studied tl 
effect of starch, the most commonly used diluent, on the rat 
of dissolution of salicylic acid, tablets manufactured by tl 
dry,%double-compression process (Fig, 6^). Increasing tlv 
starch content frpm 5 to 20% resulted in a dramatic increa 
in the dissolution rate (ahnost threefold). . This wasrattrii 
utedto better and more thorough disintegration.' Later, ho 
ever, Finholt suggested that the. hydrophobic drug crysti 
acquire a surface layer of fine starch particles that imparts 
hydrophilic property to the granular formulation and there!) 
increases the effective surface area and hence the dissolutio 



rate. 



Effect of Binders and Granulating Agents on. Dissolu 

tion-T-Differences in binders^ 'used- for tolbutamide. table 
resulted in variable dissolution characteristics and differene 
in the hypoglycemic effects observed clinically.^ Wetgranuh 
tion, in general, has been shown to improve dissolution ratt^ 
of poorly soluble drugs by imparting hydrophilic properties t 
the surface of the'granules.;- i Solvang andvFinholt showed th 
phenobarbital tablets granulated with gelatin solution, di/i 
solved much faster in human gastric juice than those prepare! 
with sodium carboxymethylcellulose ,pr polyethylene glyc^ 
6QP0 as abirider. V^TTiey suggested Uiatgelat^^ impartshy 
philic characteristics to the hydrophobic drug surface; where; 
polyethylenie glycol forms a complex poorsolubiUty.aiit' 
sodium CEu-box^TTijetJiylce^^ is converted to its less solUt), 
acid form inlowpH gs^tric juice (Flg.Z^): 5 \ ^ 

Effect of Lubiicants on Dissolutibn-T^Leyy andtiiiinta 
investigated the effects of dffferent types of lubricants.oh tK 
dissolution fate oif salicyliCj'acid tablets. They . found, th 
magriesiurn stearate, a hydropKobic lubricant, tends ^ 
the dissolution rate of salicylic acid tablets j while a wate 
soluble surface-aptive (lubricant? sodium , lauryl - sulfat ; 
enhanced the dissolution rate sigriificaiitly (Fig 8^)7 iS 
yestigating t±ie mechanisrn of retardation, they suggested t 
hydrophobic lub^cants^,.such majgnesium stearate, "alu^^ 
niun stearate, stearic acid aiiii talc, decrease the' effectiv 
drug-splyent interfacial area by changing the surface^^cha 
teristics'of the tablets whicK result^ in reducing its wettability 
prolonging its disintegration time and decreasing the area 
the irij;erface between the active ingredient and splvent. ^ Th 




Fig 6. Effect of starch content on dissolution rate.-* 
• Key: 0,5%; «, 10%; x, 20% starch in granules. 
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|Fig 7. Effect of binders and granulating agents on dissolution rate 
lof tablets.^ 

|(A)^Rate of dissolution of phenacetin from powder, granules and tablets in 
|diluted gastric juice (surface tension 42.7 dynes cm.-\ pH 1.85). Key: O, 
Iphenacetin powder; phenacetin granules; phenacetin tablets. (B) Dis- 
Isolution rate of Phenobarbital Tablets in Diluted Gastric Juice (surface tension 
|39.4 dynes cm-\ pH 1 .50). Key: • Gelatin Binder, A CMC. O Polyethylene 
Igtycoieooo. ■ 



lenhancing effect of sodium lauiyl sulfate, on the other hand, 
msLS suggested to be due, in part, to an increase in the microen- 
Ivironment pH surrounding the sparingly soluble weak acid 
land to increased wetting and better solvent penetration into 
Ithe tablets and granules as a result of lowering the interfacial 



tension between the solid surface and the solvent. The fact 
that sodium lauiyl sulfate is a water-soluble lubricant was not 
considered a factor in improving the dissolution rate of the 
tablet, since sodium stearate, another water-soluble lubricant, 
was found to have a retarding effect on the dissolution rate. 

Effects of the Processing Factors on Dissolution Rates 
of Tablets — The many processing factors used in tablet manu- 
facturing greatly influence the dissolution rates of the active 
ingredients. The method of granulation, the size, density, 
moisture content and age of the granules, as well as the 
compression force used in the tableting process, all contrib- 
ute to the dissolution-rate characteristics of the final product. 

Method of Granulation 

Studies have shown that the granulation process, in general, 
enhances the dissolution rate of poorly soluble drugs. The 
use of fillers and diluents, such as starch, spray-dried lactose 
and microcrystalline cellulose, tend to increase the hydro- 
philicity of the active ingredients and improve their dissolu- 
tion characteristics. In this regard, the wet granulation pro- 
cedure traditionally was considered as a superior method 
compared to the dry or double compression procedure. 
With the advent of newer tableting machines and materials, 
however, it became more evident that the careful formulation 
and proper mixing sequence and time of adding the several 
ingredients are the main criteria that affect the dissolution 
characteristics of the tablets and not the method of granula- 
tion per se. Figure 9^ shows the efifect of different granula- 
tion methods on the dissolution rate of tablets. 

Effects of Compression Force on DissohUian Rate 

In his early studies of the physics of tablet compression, 
T Higuchi (1953), pointed to the great influence of the com- 
pressional force employed in the tableting process on the 
apparent density, porosity, hardness, disintegration time and 
average primary particle size of compressed tablets. There 
is always a competing relationship between the enhancing 
effect due to the increase in surface area through the crushing 
effect and the inhibiting effect due to the increase in particle 
bonding that causes an increase in density and hardness and, 
consequently, a decrease in solvent penetrabflity. The high 
compression also may inhibit the wettability of the tablet due 
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Kig 8. Effect of lubricant on the dissolution rate of tablets.® 
gA) Effect of magnesium stearate on dissolution rate of salicylic 



^ 'ioLr^^^ • ~. . * . ^. — - '"^ ^^^^ rotating disks made from fine salicvfic acid obwder Kev 

t T^r^'T "^'"bricant added. (B) Effect of lubricant on dissolution rate of salicylic acid contained in compressed tobletT^Lla A^^ 

ley. X. 3% magnesium stearate; no lubricant; 0, 3% sodium lauryl sulfate. m i«ui«i!, uormuwM; 
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Fig- 9. Effect of manufacturing process , on the dissolution rate of 

tablets:^ ,v . ; . /.^ 

Key: Bi Direct compression with spray dried'lactose, Wet granulation with 
ethylcellulose andjactose,. 83 Acacia mucilage ^and lactose, 184 Starch paste 
and lactose. ... ' ' ' 



to the formation of a firmer and more effective sealing layer by 
the lubricant under the high pressure and temperature; that 
usually accompanies a strong compressive force (Figi 10^).:.. 
- The curve , profile of , the J compressive force of the . tablet 
versusfdiissolution rate can take one of several shapes, :as. is 
observed in Fig 11®. ^ 

Modified-Release Dosage Farms 

Since the early i950s, pharmaceutical preparations with 
contrpUed-release. characteristics have been.introduced with 
the p^urpose of optiiimin^^ 

lation .of the time cou^ the clrug concentiration in the 
blood. Such d^sii^eii control is intended to complement the 
pharmacological ac tjyi^ of the medicament in order, to achieve 
better seiectiyity and/pr longer duratiori of action.", this adds 
an extra dimension to tJie'^tf aditional functions of the dosage 
form being a mere vehicle for dnig storage, portability and 
admiiiistration.. . . , s V . . - . - ' 

. Modified:fel^^ term used by the 

compendia to desc^ dosage ;f6rms fpt whi^ the 

drug-release characteristics versus time ahd/br conditions at 
the site of dissolution are chosen to accomplish therapeutic or 
convenience objectives not ofifered by conventional dosage 
forms such as solutions, ointments or compressed tablets and 
capsules. At present, three types of modified-release dosage 
forms are described by USP. Procedures for the laboratory 
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Fig 1 0. Effect of precompression pressure on the dissolution rate of 
salicylic acid contained in compressed tablets.* 
Key: • ••715 kg; x, 1430.kg: ■. 2860 kg; O. 5730 kg pressure per 'cm.a 
(Average of five tablets each, formula D.) 



Disso- 
lution 
rats 



Fig 1 1 . Different types of relations between compression! 
tablets and dissolution rate.^ 



evaluation of the behavior of modified-release dosuL 
are included in the USP in Section 724, Drug Releq 
have been modified and expanded in supplements. 
Drug Release section five different apparatuses are 
in addition to the inclusion of Apparatuses 1 and 
Section 7 ll.DissohUian. ' 

Delayed-release dosage forms are defined as tho. 
release a drug (or drugs) at any time other than prompti 
administration. Enteric-coated products are an exaif 
such dosage forms. In order to evaluate delayed-re!e(| 
teric-coated) dosage forms, the USP uses two methoda 
B, which are carried out at 37 ± 0.5^ Both methods u 
use of the apparatus specified in the monograph for til 
age form {eg] Aspirin Delayed-release Tablets, iappaif 
1 00 rpm) and expose the dosage units first to 0. liAThydl 
ric acid and then to a pH 6.8 buffer in order to measur 
release. The same acceptance tables are used fcVr both 
ods (limit of 10% dissolved drug in the acid after 2 hour 
dissolved drug in the buffer after 45 minutes; three 
testing provided). 

Extended-release dosage forms (popularly knol 
timed-release or sustained-release) are defihed>as thod 
allow at least a twofold reduction in dosing frequei| 
compared to the drug, presented in a conventional foniii 
solution or a prompt drug-releasing conventional solid dd 

fonti: . 'j^'' ' ' " - ^ f\ : '■'"*^--"7 ' f 

^„jSyo^prp u^mg)d^ 

employed to evaluate ^extiehded-rel^ dosage f| 
Apparatus 3 is an assembly that consists of a cylindrica 
bottom vessel that accommodates a glass reciprocating I 
der. whose ends are closed with a polypropylene mesh sc^ 
The dosage unit is placed'inside the.reci^ 
the .release of drug iinto.ihe ^solvent within^, the cylinf 
measured, T^',,/ r ' ^^-/^ 'I 

■ Apparatus |4 uses a flow-through cell with aJjSlter s| 
through which tlie dissolution medium is purr^eci! ' Thel 
two different cells, a small and a large cell for tablet 
capsules, and tablet holders for the small and large 
Procedures that use either Apparatus 3 or 4 are carried m 
37 ± 0.5° and use the same three-stage acceptance criter 
the interpretation of results. ^ t 

Transdermal delivery systems are those systenM 
signed to deliver drugs by passage from the dosage 
through the skin to be available for distribution via thel 
temic circulation. An example of this kind of system Is 
nicotine patch. 

In order to evaluate the drug! release behavior of trans^ 
mal delivery .systems, three different apparatus systemsl 
used. Apparatus 5 uses the paddle and vessel from Seci 
71 1, DmoZ-wizon Apparatus 2, and.adds a stainless-steel Oi 
assembly to hold tfie transdermal system to be evaluated 
bottom of the vessel. , Apparatus 6 uses the vessel assenf 
from Apparatus 1 , Dissolution, except that the basket i 
shaft are replaced with , a stainless steel cylinder stin 
element. At the beginnin^of a measurement, the dosage \ 
is affixed to the cylinder. Apparatus 7 uses solution cont 
ers in which a specifically designed disc sample holder ma; 
made to reciprocate. The procedures using Apparatuses I 
and 7 are all carried out at 32 ± 0.5** (since the delivl 
systems are used oh the skin) and yield results whose interpl 
tation is made using the same three- stage acceptance criter! 



Dissolulioxi Apparatus Design 



. .. As the concept of dissolution. developed in^importanc^ tm 
ing the last several decades, the methods and techniques \xi 
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m the in vitro procedure have evolved considerably from a 
nmple, rudimentary apparatus that can be built from everyday 
ftboratory tools to a highly sophisticated, microprocessor- 
pntroUed and fully automated instrument. The various dis- 
blution apparatuses and techniques usually are classified 
I ccording to their associated hydrodynamics. : 
I Two general categories are recognized: the beaker meth- 
ds and the open flow-through compartment system. 
I The design of the apparatus affects the dissolution results 
[firough a number of factors. These include the geometry 
fnd structure of the container, the type and intensity of agita- 
Jon as well as the composition and volume of the dissolution 
miediimi. These factors, in turn, affect the abrasion rate of 
m\e intact solid dosage form on the particles, the dispersion of 
She disintegrated particles, the homogeneity; of the dissolution 
fluid and, finally, the reproducibility of the system from run to 
dm. 

Beaker Methods 

1^ These include all closed-compartment systems with a forced 
ionvection mixing mechanism, where a relatively large vol- 
|me of the dissolution medium (200 to 2000 mL) is contained 
|h a beaker or a flask arid agitation is performed by.isome type 
6f a- stirring, rotating or oscillating mechanism. The two ^ , 
official apparatuses, described in the USP .belong to this cat- 

USP Apparatus 1 consists of a 1000-ml covered cylindrical 
^essel made of glass or an inert material, a cylindrical 40-mesh 
ainless steel basket connected to a metallic drive shaft and a 
Ipeed regulated motor. The: assembly, is placed in a water 
Dath-thkt permits a constant temperature inside the vessel of 
f 7** ± 0.5° during the test. Each of six tablets or capsules is 
Inserted into an individual basket, and the.baskets are lowered 
SfStathe dissolutionivessels containing the specific volume of 
|he dissolution medium, usually distilled water or 0.1 HCL 
fUtered samples from the dissolution medium are collected at 
Gertain-time intervals for the determination of the amount of 
Jhe active ingredient dissolved. . - ^z . 

feTlie ySP Apparatus 2 assembly, is similar to. Apparatus 1, 
lexcept that a -metallic paddle, usually coated with an. inert 
Imaterial, is used in place of the basket assembly. The paddle 
jis formed of a blade welded to a shaft that can be connected to 
Ithe speed regulated niotor. _The tablets or capsules, are 
Irtropped freely to the bottom of the flask, aM the padctte is 
Irotated at the specified speed. 

For exact descriptions and specifications of the USP disso- 
llution apparatuses, and the appropriate interpretation of the 
Itlissolution results, -the reader is referred to the USP Section 
^(\\^(DissohJiiixm. . e- . V'^ ^ • ^ ^ 

Both USP Apparatuses 1 and 2 have to be calibrated before 
luse :utilizing two types of calibrators reconunended by the 
luSPpdisintegrating types (prednisone) and a nondisintegrat- 
ling#pe (salicylic acid): The tablets are available from the 

FNonofficial Methods 

Although probably more than 100 different dissolution meth- 
lods have appeared in the literature, only a few have main- 
rtained their popularity after the introduction of the compen- 
I dial procedures. Some of these are described below. 

Rotating Filter/ Stationary Basket Method (Spin Filter)— One of 

I the main disadvantages of the rotating basket method is the possibility of 
I clogging either the basket screen; the filter assembly, or both. On the 
I other hand, while the paddle method does not suffer from such a problem, 
I ihe possibility of floating tablets and/or particles, as well as nonreproduc- 
llble, tablet locations , at the bottom of the. flask .constitute distinct 
I deficiencies. . Shah et designed a system that virtually eliminates most 
I of the problems associated with the compendial procedures (Fig 1 2^). It 
f consists of a magnetically driven rotating filter assembly and a 12-mesh 
[wire-cloth basket in which the dosage form is placed, ' the sample is 
I withdrawn through the spinning' filter for analysis. The system provides 
[ uniform, mild, laminar and honturbulent agitation that 'is essential -for 
( reproducible results. It also ensures a representative sample of the bulk 
t fluid with minimum abrasion to the solid dosage form. Because of the 
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Fig 1 2. The rotating filter assembly.^ 



wide mesh screen used for the basket and the constantly spinning filter, no 
possibility of clogging exists in the system. It has been criticized, how- 
ever, because of its complexity and the long time needed for setting up and 
cleaning.' ■ ■ ' • ^ * • r 

Rotating Bottle Method for Sustained-Release Formulations — 
This is probably the oldest dissolution apparatus originally developed 
during the late fifties for the determination of the dissolution rate of 
sustained release formulations. Newer versions have been in use; one of 
them was suggested in NF XIII, but has never been considered as an official 
method. The system consists of 1 2 small bottles (15x3 cm), attached to 
a horizontal shaft which rotates at a slow speed of 6 to 50 rpm. The whole 
assembly is placed in a constant temperature water bath. Each bottle 
contains 60 mL of dissolution fluid which is decanted through a 40-mesh 
screen after each sampling period and is replaced by fresh fluid. Usually 
five fluids of different pH are used:. pH 1.2 for 1 hour, pH 2.5 for 1 hour, 
pH 4 .5 for 1 .5 hour^ pH 7,0 for 1 .5 hour and, finally, pH 7.5 for 2 hours for a 
totEil dissolution time of 7 hours.. . 

Although a considerable data base has been generated us- 
ing the rotating bottle method, most of the new sustained 
release formulations are tested by the compendial methods. 

Open FUm-Through Dissolution Systems ' 

- In the beaker- methods discussed above, (also known as 
closed-compartment ' methods) ;a forced convection type of 
agitation is generated in a relatively large vessel through a 
stirring, rotating or oscillating mechanism . In open flow- 
throu^ methods (also known as open compartment meth- 
ods), the dosage form is contained in a small vertical glass 
column with built-in filter through: which a^contihuous flow of 
the dissolution medium is circulated upward at a specific rate 
from an outside reservoir using a peristaltic or centrifugal 
pump. The dissolution fluid usually is collected in a separate 
reservoir- as it leaves the dissolution cell and; thereby, the 
dosage form is exposed continuously to fresh solvent (noncu- 
mulative mode), and a perfect sink condition is maintained. 
On the other hand, if a sink condition could be met easily using 
a limitedtvolunie of dissolution medium, the circulating fluid 
can be routed back to the original reservoir (cumulative mode). 

The open-flow methods have several advantages over the 
beaker methods." Because the apparatus uses no stirring 
mechanism, the dosage form and drug particles are exposed 
continuously to a homogeneous, nonturbulent laminar flow 
that can be controlled precisely. All the prpblems of wobr 
bling, shaft eccentricity,. verticity, vibration, stirrer position, 
etc, simply do not exist. Also, the turbulent solvent flow 
associated with stirring mechanisms imparts variable degrees 
of physical abrasion of the solids but is avoided here. : 
' Langenbucher's system consists of a cone-shaped dissolu- 
tion, cell with a filter attached^to the. top (Fig 13A and B^O). 
The solvent is circulated froin the bottom of the cone in which 
glass beads are placed to help maintain a laminar flow. 
Although a pulsating pump first was used to minimize filter 
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Fig 1 3:^ ,Column-type dissolution method, (open flqwrthrpugh system by Langenbucher).^° ' 

(A) Sketch of the column dissoMion apparatus (schem^^^^^ G- cell: F,. Fj. screens: K- heat eitchanger; h/ height of cell: i f 

volumetric pumps; R; liquid reservoir: x,i circulation factor; xQ. (1-x) Q. volumetric flow rates. : .(B)'Sp^ifications^for the 4-cm2 dissblirtion cell (dft>- 
scale). Inner cell diarneter 22.6 mm. Height of sample compartment40,mm. F,: stainless steel sieve with 30-mm bed of glass beads 1 mm in diamotcr ^ 
40-mesh stainless steel sieve with glass beads, h , . . , , . . , ^ , v.f ^ 
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clogging, it was later shown that pulsation iaffects the dissolu- 
tion rate significantly, jmd a centrifu^ 
- The open flow-through system, however, has its own -disad- 
vantages, the most important of which is the tendency of the 
filter to clog because of the i unidirectional r flow.^ Pressure 
tends to build near the end^of the'run and, in many cases, it is 
necessary to^ have builtfin press^^^ a feed- 

back thechariism to increase' the pressure gradually in order to 
keep the flow rate constant. Another limitation , which sli'oiild 
be pointed out; is the V pump", effects : Different types of 
pumps, such as the peristaltic and centrifugal varieties, have 
been shown to give different dissolution results. . : . • - > ^. 

A variation of the flow-through concept, is a closed column- 
type system which was introduced by Abdou e«,ai.j ; The sys- 
tem is a combination of a miniaturized rotating basket with a 
closed flow-through apparatus ^to keep the concentration, of 
the drug at an acceptable range for quantitative determination 
(Fig 14^0- '' The system is semiautomated in coiyunction with 
an^HPLG^andiis used for the determination of the* dissolution 
rate of Qilimg fludrocortisone acetate tablets (Fig 13B^0).( ' 

Automation in Dissolution Testing -v- \u i 

' Due to the large amount of testing>required: in determining 
the dissolution rate'of drugs, automation of the process seemed 
aknost a necessity and not simply.a convenience to the analyst. 
Alsoi because of the modular nature of the dissolution appara- 
tus^ automation can be accomplished easily in different ways 
and by various techniques. * . ; . .f* y\j^i<> 

'At present, however, the set up of the. apparatus, media 
preparation, and introduction' of the dosage forms mostly are 
done manually. The rest of the process including the with- 
drawal of the sample, maintenance of a certain pH or of sink 
conditions, assay performance and data acquisition and calcu- 
lations are, in most cases, fully automated. The automation 
process not only saves money, time arid effort on the part of 
the analyst biit more significantly it' improves the overall reli- 
ability and enhances the reproducibility of testing procedures. 
Several approaches have i been tried for the . automation of 
dissolution.such as those recommended by Bayer and Smith, 
Cioflft al and Abdou ai - . Details of these systems could 
be found in the ihdexed literature at the end of this chapter. 
Several .commercial . companies have also introduced seml- 
and fully automated dissolution systems: Some o£ these are 
Hanson Research's Dissolution' System, .Northridge CA. 



(Dissoett'e and Dissograph ^apparatuses), Te'chnicbn, T\tr » 
town NY (Sasdra apparatus) arid Applied Analytical, Wllmi^ # 

ton^NC:-^^: " : : . 

MiUipore's'Waters Chromatography Divisions-has lf\^' 
duced a fuUy automated'dissolution system ^using^a Wu^ * 
pump^ detector and autbsampler combined witK-a Haiiv* 
Research dissolution^ bath and sainple transfer system \l # 
15): Samples are- analyzed by HPLG, Which provides b(1^H 
specificity than UV methods of analysis. • \ ■ ^ " v 

Hewlett-Packard^mainuf actures a fully automatSd' disg* - ■ * 
tibn-sairipling' ajid^ UV analy anatj^ m 

samples from thi^ee dissolution baths. ' ^ • -c 

Effects Of Jest Parameters onPissolutioh Rate 

■ ^' -..'[i.^ >i :o Agitation .. . "H-^-r <^ ^ 

The relationship^between intensity .of agitation and the f(fi» 
of dissolution varies considerab^ according to theitypc U 
agitation used; the- degree of laminar andXurbulent flow In tl *^ 
syistem, the shape and. design of the stirrer and thephysliM 
chemical properties of the solid (Fig 15^?il?).u;-^Wheh^ §f ti 
ring device is used, such* as the basket|:paddle,' rotating flltf* 
etc, the speed of agitation generates a flow that continuoUi;!^ 
changes the liquid/solid interface between the solvent and li^ 
drug in a way similar to the flow rateriri the; flo\V;thro,Uffjt 
dissolution apparatus. In order to prevent turbulence 
sustain a. reproducible laminar flow, which is -essential fv* 
obtaining.reliable results, either the, speed of -agitation^r \\p 
flow rate, depending on the type of apparatus^jemploycft 
shoifld be maintained at a rejatiyely^ 

Study of the effect of a^tation on the rate of heterogeneoM;^ 
reaictioris led toihe empirical rel&ohship between the ra^ < I 
dyissolutipn ahd the in^ ' ; ■ ; ' ' 

' V ; " " K = a(N)^' ' - . 1 -.^/ b^f^. >jj.^ 

where AT is the speed bf agitation, A' is the dissolution rate aitd 
a and are constants.- If the dissolution process is diffuslOi^ 
controlled, the value' of 6 s^^^ l or close to l in accoi 
dance with the Nernst-Bnir^er fi^ states thai 

the fllm thickness is inversely proportional to the stirrinf^ 
speed. However, , if the dissolution; process is controllccl 
purely by an interfacial reaction, the stirring speed wouldhavc 
no influence on dissolution and 6 should approach zero, [t 
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I Fig 14. Apparatus for the determination of the dissolution rate of 
Idosages with extremely small amounts of active ingredients.^^ 
mfK) Miniaturized USP basket apparatus, combined' with a flow-through 
(mechanism. * (B) Comparison between the dissolution rate of fludrocortisone 
feacetate at different rotation speeds. Each point is an average of six tablets of 
|the same lot. Key: 0, 50 rpm; □, 1 00 rpm; and A. 1 25 rpm. 



i both processes are involved (such as dissolution of weak acids 
I in buffer solution), the value of b should fall between 0 and 1 . 
r Also, as the nature of the flow changes from laminar to turbu- 
I lent and the distance from the interface increases, the value of 
lb also would vary according to the type of agitation utilized. 
I Other factors that affect the correlation between agitation and 
I dissolution rate include the density of the solid phase, the size 
I and characteristics of the solid, the stirrer, the dissolution 
[; vessel and the heat of solution of the solute. 

Temperature 

Since drug solubility is temperature dependent, its careful 
kontrol during the dissolution process is very important and 
phould be maintained within 0.5?: Generally, a temperature 
[of 37° always is maintained during dissolution determinations, 
f The effect of temperature variations of the dissolution me- 
\ dium depends mainly on the temperature/solubility curves of 
the drug and excipients in the formulation (Fig 1 G^^.u). p^^ 
I a dissolved molecule, the diffusion coefficient, D, is dependent 




60 70 - ' 

STIRRING rate; rpm 

Fig 15, Effect of agitation oh dissdjutidrirate^^ ' 
Dissolution rate of aspirin from Type A^^' (open symbols) and type B^^ (solid 
symbols) 'tablets as a function of stirring rate. Jriahgles, t; circles, t^fz, 
squares, tj/i: Inset: ratio of t, /a; type B: - type A tablets, as a function of 
stirring rate. ir - ^ . ; . . 



upon the temperature T according to the Stokes equation i - 



D - A:r/(6mir) 



(13) 



where k is the Boltzmann constant, and 6iTT|r is the Stokes 
force for a spherical molecule (r\ is theviscosity,in cgs orpoise 
units and r is the radius of the niolecule). ' * 




Fig 1 6. Effect of tenrtperature on dissolution and disintegration rates 
oftablets.13'1^ . ^ . ; 

(A) Dissolution and disintegration curves according to Eqs 1 and 2 for position II 
of the USP basket.' Key.*. V, dissolution at 10'; A, dissolution at 20**; 
dissolution at 30"; and O, disintegration at 5".'^ (B) Dissolution of Phenobarbi- 
tal anhydrate at various temperatures (at 300 rpm).'^ 



Dissolution Medium . 

The selection of the proper fluid for dissolution testing 
depends largely on.the solubility of the drug, as well as mere 
economics and practical reasons. ' 

pH of the pissoliUion Mediums 

Great emphasis and ^effort was first placed on simulating in 
vivo conditions/especially pH, surface tension, viscosity and 
sink condition. Most of the early studies were conducted in 
0. IN HCl or buffered solutions withi pH close to that of the 
gastric juice (pH - 1,2), The acidic solution t^nds to disinte- 
grate the tablets slightly faster than, water and thereby it may 
enhance the dissolution rate by increasing the effective sur- 
face area. Howeyer, because^pf the cpiroding action of the 
acid fumes on the clissolution equipment, currently it is a 
general practice to user distilled; water unless investigative 
studies show a specific need for the acidic solution in order to 
generate meaningful di^solutio Ahbther approach for 

avoiding, the deleterio^^'eflfects: of hydrochloric acid "^^is toi 
replace it .with acidic buffersj such as sodiiim acid phosphate, 
to maintain the required low pH. " . . 

Surface Tension of the Dissolution Medium 

Surface tension has been shown^to have a significant effect 
on the dissolution rate of drugs and their release rate from 
solid dosage forms. Surfactants arid wetting agents lower 
the contact angle and thereby improve the penetration pro- 
cess of the matrix by the .dissolution ■ medium. ' Measurable 
enharicenient in' the dissolution rate of salicyclic acid from an 
inert matrix was reported by Sing^ et at when the f contact 
angle, 9 was lowered from 92" (water) to 31° (using 0.01% 
dioctyl sodium sulfosuccinate Fig 17*^). The surface ten- 
sion also was correspondingly lowered from 60 to 31 dynes/ 
cm. The same findings were obtained, in benzocaine studies 
when polysorbate 80 was used as the surface active agent (Fig 

Other studies conducted' on conventional4tablet formula- 
tions and capsules also showed significant enhancement in the 




;i ' • 2 3 - .4 - 5 
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dissolution rate of poorly soluble drugs when surfactants ^ 
added to the dissolution medium, even at a level belov 
critical micelle concentration, probably by reducing the L 
facial tension. Low levels of surfactants were recommcl 
to be included in the dissolution mediuih as this seem4 
give a better correlation between the in vitro data and inL 
condition. Finholt and Solvang compared the dissolul 
behavior of phenacetin and phenobarbitali tablets in hu| 
gastric juice to that in dilute hydrochloric acid with and \i 
out various amounts of polysorbate 80 in the dissolu| 
medium. The data showed that both pH and surface tena 
have- significant influehcie .on..the- dissolution-kinetics 
drug studies. For example, they found that not only mi^ 
dissolution' rate much faster in diluted ga^tric juice, but thL 
increased with decreasing particle size, :>vhereas the oppom 
was the' case when O.IAT HCl was used. . " ^ ' 

Viscosity of the Medium. ■ — . 

In the case of diffusion-controlled dissolution iprocesscsl 
would be expected that the dissolution rate, decreases witl J 
increase in viscosity. J In the case of ihterfacial control^ 
dissolution proces^'ses -however, viscosity .'shoiild have vL 
little.effect. The; Stokes-Einstein equation. describes the M 
fusion coeflacientT) as a function of viscosity : . 

Braun and Parrott showed that the dissolution rate of I 
zoic acid is inversely proportional to the viscosity of 
dissolution medium utilizing various concentrations of J 
crose and methylcellulose solutions (Fig 1§^^). 

/V 

Dissolution of Suspensions 

Although most dissolution studies during; the last two (j| 
cades have concentrated on tablets and capsules, some stud 
ies have pointed to the importance of the.dissolution chartti 
teristics of drugs administered in suispensibn. this hardlyj 
surprising as suspensions are similar to the disintegrated foft 
of tablets and capsules and, 'ff dissolution has beconie'a priO| 
ity for these fonnulations, it is logical to extend its concept ( 
suspensions. Indeed, several studies have shown .that t8 




^'9^17^; Effectpf suffactantsondissolution rate.lf ; .-v - , 
(A) Dissolution data for benzocaine in different concentrations of polysort>ate 
80 u^ing the propeller-driven^ stirrer, apparatus.at a stirring speed of 150 mm 
Key: Polysorbate cone— 0.6%: Al'A^O:^;M,^%; ^,6.5%; ■,6%' ' (b/ 
Solubilization data for benzopaine in dmerent cpncentratioris of pblysbmate'siD. 
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Fig 18,*' Effect of yiiscosity on dissolution rate. ^ ®: ^ . , * . 

(A) Relationship of total solubility (C;) of benzoic acid at 25'' to dissolution rati J 
and concentfation.of polysorbate 80. Key: ■ rate; and.Oi concentration.! 

(B) .Relationship, of viscosity to dissolution rate of benzoic acid in aqueouil 
methylceliulosasolutionsat25*. ' ' i 
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bsorption of several poorly soluble drugs administered in 

sperision formulations is dissolution-rate limited. 

Such in vivo /in vitro correlation studies have confirmed 
le importance and the viability of dissolution rate determina- 
ons of suspensions as a discriminative test for rapid screen- 
ng of new formulations and to control ibt-to-lot variability 

thin the same manufacturer and between different commer- 
al manufacturers. In general, most of the dissolution appa- 

tuses that have been described for tablets and capsules 
asily could be utilized for suspensions. The USP Apparatus 

(Paddle) has been used frequently at a rotation speed be- 
ween 25 to 50 rpm. However, the rotating filter apparatus 
y^Shah, with the basket removed, has gained wide accep- 
^jice for suspensions since it provides mild laminar liquid 
gitation and it also, functions as an zn situ nonclogging filter, 
ufficient volume of the dissolution medium should be used to 
Maintain sink condition (about 900 to 1 000 mL) and a tempera- 
te of 37° shoiild be maintained. Rotation speeds of up to 

00 rpm also have been used dri occasion. 

Dissolution of Topical Dosage Forms 

■ Drug-release studies from gels, creams and ointments are 
l^ecoming an important step both during the developmental 

tages of new formulatioi^ and as a routine quality control 

St for assuring the uniformity of the finished product. Also 
ese studies often can provide useful information on some 
physicochemical parameters involved in the in vivo percuta- 
neous absorption, such as the diffusion coefficient and the 

olubility of the drug in the specific vehicle used. 

1 Although many investigators have conducted drug release 
rate, studies from topical dosage forms, it appears that no 

ingle apparatus or procedure has yet emerged as the most 
kvored, or to be accepted widely as a quasi-standard for 
thers in the field. In reviewing the literature, however, it 
ppears that two general techniques have been employed 
omnibnly. In the first, the sample is placed in direct contact 
^ith the receptor phase which acts as an aqueous sink, and the 
S<ec6nd utilizes various types of barriers to isolate the donor 
phase from the receiving medium. The barrier could be a 
dialysis membrane, a filter membrane, a membrane of animal 
Origin or a polymer membrane. 

Dissolution of Suppositories 

■ Although most of the early work on suppositories has been 
Concerned with their physical characteristics such as soften- 
ing and liquefaction ranges, homogeneity, smoothness and 
neutrality, several reports appeared in the early literature 
i)ointing to the direct , correlation between their efficacy and 
the release characteristics of the active ingredients. It has 
been reported that fatty bases, such as, the popular cocoa 
butter, tend to release hydrophobic drugs, that are highly 
soluble in the oily base, very slowly. Emulsification of the 
fatty base significantly improved the drug-release rate, In- 
corporation of surface active agents was found to improve the 
release rate of water soluble drugs from the fatty suppository 
base dramatically. 

Although many investigators have conducted extensive re- 
search on the release of drugs from suppositories, no single 
method or apparatus design has yet emerged as the standard 
procedure for the pharmaceutical laboratory. Many meth- 
ods for the determination of the dissolution rate of supposito- 
ries are based on the dialysis technique where the suppository 
is placed in a dialyzing bag made of special membrane or 
cellophane material. The bag is placed in a beaker or wide 
mouth bottle containing a known volume of distilled water and 
the concentration of drug outside of the bag is measured as a 
function of time. 

A slight variation of the basket method of the USP dissolu- 
tion apparatus I also is used frequently. Hanson Research 
markets a basket apparatus for suppository dissolution testing. 
Hanson's modified basket uses slots instead of mesh to pro- 
vide a suitable porosity. The use of such a basket avoids the 



blocking of the mesh opening of the regular USP basket when 
oil-based suppositories are used; The system also has the 
advantage of being capable of testing suppositories that float 
or have such low specific gravity that it interferes with the flow 
dynamics in the paddle method. 

Developing a New Dissolution Method 

Dissolution data, based on a discriminating and well thought 
out dissolution test is of tremendous value in the selection of 
the proper formulation. The dissolution test also can serve 
as a routine control mechanism to assure the uniformity of 
regular production batches. One of the first decisions to be 
made in the process of developing a new dissolution method is 
the choice of the apparatus. There are three types of appara- 
tuses in the compendia, and several others are in current use 
b)^ phanriaceutical compaiues, universities and regulatory 
agencies. Apparatuses differ, in great respect, with regard to 
the shape and geometry of the dissolution vessel, the type and 
intensi^ of agitaticfn, the position of the dosage fomi, the 
dispersion of particles, the volume of the dissolution medium, 
the ability to change the solvent at a certain rate to maintain 
sink ' conditions and the reproducibility of the system. 
Wagner cautioned that the inherent variability in the dissolu- 
tion method should be less thstn' the inherent variability that 
can be tolerated in the product.^ He also recommended that 
the apparatus must be realistic scientificaUy, economically 
sound and have the ability to provide an effective hydrody- 
namic condition. 

In deciding on which apparatus is to be used for testing, it 
should be emphasized that its features should allow for a 
convenient and reproducible mechanism for introducing the 
dosage form at a fixed position in the dissolution medium with 
minimal hydrodynamic disruption. The temperature of the 
dissolution mediuiti should be maiiitained rigorously with mini- 
mum' vibration and no localized overheated spots. 

The dissolution apparatus also should allow for the mainte-^ 
nance of sink conditions by allowing for continuous exchange 
of the dissolution fluid with fresh solvent. The apparatus 
also should provide for the testing of various types of dosage 
forms with a converuent and reproducible sampling technique 
that results in a minimum disruption of the dosage form dis- 
solving bed or the hydrodynamic condition of the dissolution 
medium. Automatic filtration mechanismis that are inserted 
in the dissolution fluid are preferred, as they avoid the removal 
of insoluble drug powder. Simple and rapid analytical meth- 
ods should be used, as many drugs tend to degrade rapidly in 
dilute aqueous solutions. 

In reviewing the above criteria for a sound dissolution appa- 
ratus, it easily could be recognized thatthe compendial disso- 
lution methods 1 and 2 actuaUy do not fair badly when com- 
pared to other avaUable dissolution systems. 

In general, if the compendial apparatus is to be used, 900 
mL of distflled water with an agitation speed of 100 rpm for 
the rotating basket and 50 rpm for the paddle method is a 
good starting point. However, a check to detemune if deaera- 
tion of the water is necessary has to be conducted. If such 
parameters prove to be inadequate, a slightly higher stirring 
rate may be tried. If not successful, the composition of the 
dissolution medium could be changed. Dflute hydrochloric 
acid or buffer systems of different pH could be used. In the 
case of enteric coated or sustained-release preparations, me- 
dia pH change may be required during the test. 

In regard to the quality-control aspect, it is advisable to set 
dissolution guidelines close to the expected performance of 
the selected formulation. The specification usually includes 
both DT50 and DTgs or DTss (DT^ = time for dissolution of 50 
or 85%) only. The specifications, however, can be altered as 
further production experience is obtained. Once the specifi- 
cation is finalized, any batch which does not comply should be 
reviewed completely to find the cause of its poor dissolution. 

A knowledge of the dissolution rate of poorly soluble drug 
substances (intrinsic dissolution rate, K = kD/h from Eq 3), 
is very useful in predicting whether their biological absorption 
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is dissolution limited* or not. ' Such information is essential 
during the early stages of formulation of a new drug dosage 
form as it can point to a future bioavailability problem. 
Depending on how slow the intrinsic dissolution rate is, the 
formulator may choose to improve it by micronization, com- 
plex formation, derivatization or any of the other techniques 
generally utilized for enhancing the dissolution rate of in- 
soluble drugs. The information also is very useful for improv- 
ing existing formulations which have exhibited bioavailability 
problems, 

For the determination of the intrinsic dissolution rate, most 
investigators compress the pure powdered drug under ex- 
tremely high pressure in the absence of any additives. The 
resulting nondisintegrating disk then is transferred to any of 
the previously discussed dissolution apparatuses. Because 
of the nondisintegrating characteristic of the disk, the surface 
area essentially is constant during, the entire duration of the 
test. This facilitates the calculation and interpretation of the 
results. Usually, the modified form of Noyes and Whitney 
equation, previously discussed is used as the basis for calcula- 
tion. 

Also, the effects of the various formulation factors as weD as 
the key processing factors such as the compression force, 
mixing time and in-process storage conditions have to be 
determined. This will provide information on how critically 
these important variables have to be controlled during routine 
production. 

Furthermore, appropriate stability studies should be con- 
ducted to establish what changes take place, if any, in the 
dissolution characteristics of the selected, formulation after it 
has been held in stability storage for a reasonable period of 
time. Accelerated conditions (stress studies) also could be 
used for the same purpose. After the dissolution pattern of 
the selected formulation has been established, an in vivo 
study may be conducted to establish in vitro /in vivo 
correlation. It is advisable that these studies be conducted 
on humans and not on animals, since man wiD be the final 
vehicle for drug dissolution. 
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